Simplifying the use of prognostic information in traumatic brain injury. Part 1: The GCS and Pupils Score: An Extended Index of Clinical Severity by Brennan, Paul et al.
  
 
 
 
Edinburgh Research Explorer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Simplifying the use of prognostic information in traumatic brain
injury. Part 1: The GCS and Pupils Score: An Extended Index of
Clinical Severity
Citation for published version:
Brennan, P, Murray, G & Teasdale, GM 2018, 'Simplifying the use of prognostic information in traumatic
brain injury. Part 1: The GCS and Pupils Score: An Extended Index of Clinical Severity', Journal of
Neurosurgery. https://doi.org/10.3171/2017.12.JNS172780
Digital Object Identifier (DOI):
10.3171/2017.12.JNS172780
Link:
Link to publication record in Edinburgh Research Explorer
Document Version:
Publisher's PDF, also known as Version of record
Published In:
Journal of Neurosurgery
Publisher Rights Statement:
Deposit permitted by the publisher
General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.
Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.
Download date: 11. May. 2020
CLINICAL ARTICLE
ABBREVIATIONS CRASH = Corticosteroid Randomisation After Significant Head Injury; GCS = Glasgow Coma Scale; GCS-P = GCS-Pupils score; GOS = Glasgow Out-
come Scale; IMPACT = International Mission for Prognosis and Clinical Trials in Traumatic Brain Injury; PRS = pupil reactivity score; TBI = traumatic brain injury.
SUBMITTED November 3, 2017. ACCEPTED December 23, 2017.
INCLUDE WHEN CITING Published online April 10, 2018; DOI: 10.3171/2017.12.JNS172780.
Simplifying the use of prognostic information in traumatic 
brain injury. Part 1: The GCS-Pupils score: an extended 
index of clinical severity
Paul M. Brennan, MBBChir, FRCS, PhD,1 Gordon D. Murray, MA, PhD,2 and  
Graham M. Teasdale, MBBS, FRCP, FRCS3
1Centre for Clinical Brain Sciences and 2Usher Institute of Population Health Sciences and Informatics, University of Edinburgh; 
and 3Institute of Health and Wellbeing, University of Glasgow, United Kingdom
OBJECTIVE Glasgow Coma Scale (GCS) scores and pupil responses are key indicators of the severity of traumatic 
brain damage. The aim of this study was to determine what information would be gained by combining these indicators 
into a single index and to explore the merits of different ways of achieving this.
METHODS Information about early GCS scores, pupil responses, late outcomes on the Glasgow Outcome Scale, and 
mortality were obtained at the individual patient level by reviewing data from the CRASH (Corticosteroid Randomisation 
After Significant Head Injury; n = 9,045) study and the IMPACT (International Mission for Prognosis and Clinical Trials in 
TBI; n = 6855) database. These data were combined into a pooled data set for the main analysis.
Methods of combining the Glasgow Coma Scale and pupil response data varied in complexity from using a simple arith-
metic score (GCS score [range 3–15] minus the number of nonreacting pupils [0, 1, or 2]), which we call the GCS-Pupils 
score (GCS-P; range 1–15), to treating each factor as a separate categorical variable. The content of information about 
patient outcome in each of these models was evaluated using Nagelkerke’s R2.
RESULTS Separately, the GCS score and pupil response were each related to outcome. Adding information about the 
pupil response to the GCS score increased the information yield. The performance of the simple GCS-P was similar to 
the performance of more complex methods of evaluating traumatic brain damage. The relationship between decreases 
in the GCS-P and deteriorating outcome was seen across the complete range of possible scores. The additional 2 low-
est points offered by the GCS-Pupils scale (GCS-P 1 and 2) extended the information about injury severity from a mor-
tality rate of 51% and an unfavorable outcome rate of 70% at GCS score 3 to a mortality rate of 74% and an unfavorable 
outcome rate of 90% at GCS-P 1. The paradoxical finding that GCS score 4 was associated with a worse outcome than 
GCS score 3 was not seen when using the GCS-P.
CONCLUSIONS A simple arithmetic combination of the GCS score and pupillary response, the GCS-P, extends the 
information provided about patient outcome to an extent comparable to that obtained using more complex methods. The 
greater range of injury severities that are identified and the smoothness of the stepwise pattern of outcomes across the 
range of scores may be useful in evaluating individual patients and identifying patient subgroups. The GCS-P may be a 
useful platform onto which information about other key prognostic features can be added in a simple format likely to be 
useful in clinical practice.
https://thejns.org/doi/abs/10.3171/2017.12.JNS172780
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Assessment of a patient’s clinical condition, and how it may change, is a cornerstone of care for people with head injury and for those with other 
kinds of acute brain damage. The Glasgow Coma Scale 
(GCS) is widely used for this purpose, reflecting its util-
ity in observing a patient’s responsiveness, or so-called 
“consciousness level,” and communicating this finding 
clearly and consistently.22,29,31 Decisions about case man-
agement are also influenced by perceptions of the rela-
tionship between a patient’s early condition and likely 
outcome.
Although estimates of prognosis are best made using 
mathematical methods that combine information about 
multiple aspects of the patient’s condition, these have not 
found widespread acceptance in clinical practice.26 In-
stead, simple scoring systems for stratifying injury sever-
ity appeal to clinicians in every field of medicine.25 These 
trade off a loss of detail and specificity of information for 
the ease and transparency of calculation of the score.
The Glasgow Coma Scale is used to assess 3 aspects 
of a patient’s responsiveness (eye, verbal, and motor re-
sponses). Each of these aspects contains information about 
prognosis.21,30 Soon after the Glasgow Coma Scale was de-
scribed, the findings of the 3 components were combined 
in a summary total score, derived from the simple addition 
of a notation assigned to each of its components.28 The 
GCS score is widely used as an index of “overall” brain 
damage, which is the most important feature in distin-
guishing head injuries of differing severities and in moni-
toring patient progress and estimating prognosis.5,29 In ac-
cord with this, focal indices, such as brainstem features, 
were not incorporated into the scale and were intended 
to be assessed separately.7 Nevertheless, some clinicians 
have held the view that more complex scores, which would 
include extra physiological features, would nevertheless be 
useful.2,3,32
The GCS score, together with information about pu-
pil reaction, conveys to the physician most of the clinical 
predictive information in head-injured patients.4,10,27 In the 
present study we investigated various ways of combining 
information gained from these two key features into an 
index of prognosis that would cover either mortality or un-
favorable outcome (vegetative state or severe disability) in 
acute head-injured patients. Our aims were to determine 
the yield provided by various methods of combining in-
formation about these two features and comparing the 
merits of a simple, transparent arithmetic combination, 
which would likely be applied easily, with the merits of 
more complex models.
Methods
Our investigations centered on information obtained 
from 2 large head-injury databases: CRASH (Corticoste-
roid Randomisation After Significant Head Injury)23 and 
IMPACT (International Mission for Prognosis and Clini-
cal Trials in TBI).10 In the CRASH study 10,008 adults 
with head injury were recruited from 239 hospitals in 49 
countries. The IMPACT database, on the other hand, con-
tains data on 11,989 patients with traumatic brain injury 
(TBI), which were collected prospectively for 11 different 
studies including 8 randomized controlled trials and 3 epi-
demiological studies.
GCS Score and Pupil Reactivity
From the CRASH and IMPACT databases we identi-
fied patients for whom both GCS score and pupil reactiv-
ity information were available. In the CRASH study, the 
eye, verbal, and motor components of the Glasgow Coma 
Scale were recorded for each patient at the time of ran-
domization; from these data GCS total scores were calcu-
lated. In each of the 11 studies included in the IMPACT 
study, GCS scores were determined at different time pe-
riods. We used the same data as the IMPACT model; this 
model was developed using a “derived GCS score,” de-
fined as the GCS score assigned to the patient closest to 
randomization or upon entry into the study.10 In both stud-
ies pupil reaction to light was coded separately for each 
eye and was recorded at the same time as the assessment 
of the GCS score.
Patient Outcome
The proportions of patients in each study who either 
were dead or had an unfavorable outcome (vegetative state 
or severe disability) according to the Glasgow Outcome 
Scale (GOS) were determined. In the CRASH study, pa-
tient outcome was assessed by applying the GOS 6 months 
after injury by using a structured postal questionnaire; 
outcome information was available for 97% of patients.23 
In the IMPACT database, patient outcome was also de-
termined by applying the GOS classification 6 months 
after head injury. Here the GOS data were available for 
11,384 patients (95%); in cases in which outcome data at 
the 6-month time point were unavailable, data obtained 3 
months after head injury were used.10
Combining Information About GCS Score and Pupil 
Reactivity
We examined the relationships between the GCS total 
score and pupil reaction to light and between the interac-
tions of these factors and outcome 6 months after injury. 
Data from the CRASH study, the IMPACT database, and 
also from a pooled data set were examined. Contingency 
tables and graphic plots of the associations in data be-
tween GCS score, pupil reaction, and patient outcomes 
were inspected.
We developed a method to combine a patient’s GCS 
score and pupil findings into a single, unidimensional in-
dex. We first constructed a pupil reactivity score (PRS) 
to reflect the number of nonreactive pupils. If both pupils 
were unreactive to light the score was 2. If only 1 pupil 
was unreactive to light the score was 1. If neither pupil 
was unreactive to light the score was 0. Next, a combined 
GCS-Pupils score (GCS-P) was obtained simply by sub-
tracting the PRS from the GCS total score: GCS-P = GCS 
score - PRS. Since a GCS total score can range from 3 
to 15, a GCS-P thus has a range of possible values from 
1 to 15.
Information Content
We examined the extent to which various ways of 
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combining information about the GCS score and pupil 
reactivity influenced information provided about patient 
outcome. Our aim was to discover if using the GCS-P as 
a simple arithmetic index substantially influenced the in-
formation provided about the severity of a patient’s prog-
nosis—as compared either to its components alone or to 
more complex methods of combination.
We used logistic regression to model patient outcome, 
using the following methods in decreasing order of com-
plexity:
a. treating the GCS score and the number of nonreactive 
pupils separately as categorical variables (expected to 
be the best performing model);
b. treating the GCS score as a linear variable and keep-
ing the number of nonreactive pupils as a categorical 
variable;
c. treating the GCS score as a categorical variable and 
treating the number of nonreactive pupils as a linear 
variable;
d. treating both the GCS score and the number of nonre-
active pupils as separate linear variables;
e. treating the GCS-P as a categorical variable; and
f. treating the GCS-P as a linear variable.
Models b and c are simplifications of model a, and 
model d is a simplification of models b and c. In addition, 
various models were fitted using only one variable: GCS 
score or the number of nonreacting pupils.
The proportion of variability in outcome “explained” 
by each model was assessed using Nagelkerke’s R2.15
Results
Complete data (GCS score, pupil reactivity, and out-
come data) were available for 15,900 of the 21,997 patients 
whose information was contained in the two databases: 
90% of patients in the CRASH study but only 57% of pa-
tients in the IMPACT database (Table 1). In the IMPACT 
database, the low proportion of patients for whom a com-
plete data set containing GCS score, pupil reactivity, and 
outcome data were available reflects the fact that the data 
were assembled retrospectively from multiple smaller 
studies. In contrast, the CRASH data came from a single, 
prospectively conducted randomized controlled trial.
Reflecting the focus of its component studies, most pa-
tients whose data were found in the IMPACT database had 
a severe injury, but in the CRASH study the proportions 
of patients with a severe, moderate, or mild injury were 
similar (30.4%–39.0%). In the CRASH study the criteria 
for recruitment specified a GCS score of 14 or less, and 
thus there were few patients (10 [0.1%]) assigned a GCS 
score of 15; in the IMPACT database there was no such 
criterion, and there were 318 patients (4.6%) with GCS 
score 15. Pupil reactivity was lost unilaterally in 6.2% and 
bilaterally in 8.8% of patients in the CRASH study, and 
unilaterally in 12.2% and bilaterally in 18.9% of patients 
in the IMPACT database.
Despite these overall differences, in each study a simi-
lar proportion of patients had died by 6 months after inju-
ry (24.0% of patients mentioned in the IMPACT database 
and 23.7% in the CRASH study). More cases included in 
the IMPACT database had an unfavorable outcome (death, 
vegetative state, or severe disability): 45.0% of patients 
compared with 36.4% in the CRASH study.
To counterbalance variations in recruitment criteria 
and consequent data input and outcome characteristics, to 
increase generalizability of the present study findings, and 
to increase patient sample size, data from the two sourc-
es were combined into a pooled data set. Unless speci-
fied otherwise, this pooled data set is the source of results 
presented in this paper. Separate detailed information for 
each data set are available as supplementary data.
Relation of GCS Score and Pupil Response to Patient 
Outcome
Declines in GCS scores were associated with increas-
ing rates of mortality and unfavorable outcome in each of 
the CRASH and IMPACT data sets (Supplementary Table 
1a and b). In the pooled data the patient mortality rate was 
51% at GCS score 3 and 54% at GCS score 4; after that the 
mortality rate declined progressively to 3% at GCS score 
15 (Table 2). There was a similar relationship between the 
GCS score and unfavorable outcome at 6 months postin-
jury (Table 3), with a decline in the rate of unfavorable 
outcome from 70% at GCS score 3 to 12% at GCS score 
15. Again, the proportion of patients experiencing an un-
favorable outcome was higher at GCS score 4 (79%) than 
at GCS score 3 (70%). These patterns were also reflected 
in an association between patients’ loss of pupil reactivity 
and worse outcome in each data set. In the pooled data, 
overall mortality rose from 16% when both pupils reacted, 
to 38% when only one reacted, and to 59% when neither 
pupil reacted. In a similar way, unfavorable outcome rose 
TABLE 1. Principal patient characteristics
Factor
CRASH 
Database
IMPACT 
Database
Pooled  
Data
Patients enrolled in study 10,008 11,989 21,997
Patients for whom GCS, 
pupil, & outcome data 
are all available (% of 
patients enrolled in study)
9045 (90) 6855 (57) 15,900 (72)
Mean age in yrs (SD) 37.1 (17.0) 33.9 (16.3) 35.7 (16.8)
M/F ratio 81:19 77:23 79:21
GCS score
 13–15 (mild head injury) 2769 (30.6) 546 (8.0) 3315 (20.8)
 9–12 (moderate head 
injury)
2752 (30.4) 776 (11.3) 3528 (22.2)
 3–8 (severe head injury) 3524 (39.0) 5533 (80.7) 9057 (57.0)
No. of reactive pupils
 0 799 (8.8) 1294 (18.9) 2093 (13.2)
 1 564 (6.2) 837 (12.2) 1401 (8.8)
 2 7682 (84.9) 4724 (68.9) 12,406 (78.0)
Mortality (% of patients) 23.7 24.0 23.8
Unfavorable outcome (% of 
patients)
36.4 45.0 40.1
Values represent number of patients (%) for whom relevant data are available.
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from 31% to 63% and on to 79% as pupil reactivity dete-
riorated.
Interaction of GCS Score and Pupil Response
The frequency of loss of pupil reactivity increased with 
decreasing GCS score: 2.1% at GCS scores 13 and higher, 
5.5% at GCS scores 9–12, and 35.7% at GCS scores 8 or 
lower (Tables 2 and 3, Fig. 1). In patients with GCS scores 
9–12, unilateral (3.5%) or bilateral (2.0%) loss of pupil re-
activity occurred at similar rates, but at GCS scores 3–8 
loss of reactivity was more often bilateral (22.2%) than 
unilateral (13.5%).
TABLE 2. Patients with a TBI stratified by GCS score and number of reactive pupils, and the percentage of these 
patients who were dead 6 months after injury
GCS Score
No. of Reactive Pupils
Total No. of Patients0 1 2
No. of 
Patients
% Dead at 
6 Mos
No. of 
Patients
% Dead at 
6 Mos
No. of 
Patients
% Dead at 
6 Mos
No. of 
Patients
% Dead at 
6 Mos
3 634 74.45 178 47.19 617 28.04 1429 51.01
4 458 71.40 239 56.49 462 36.58 1159  54.44
5 322 54.04 228 40.35 673 30.91 1223 38.76
6 326 42.94 259 37.07 1278 23.55 1863 28.82
7 204 32.35 208 28.37 1792 18.75 2204 20.92
8 64 42.19 111 24.32 1004 19.22 1179 20.94
9 27 25.93 46 32.61 711 18.00 784 19.13
10 23 30.43 29 37.93 788 17.13 840 18.21
11 12 16.67 28 25.00 836 11.60 876 12.10
12 8 12.50 22 9.09 998 9.12 1028 9.14
13 4 25.00 22 13.64 1435 6.83 1461 6.98
14 9 33.33 20 20.00 1497 5.61 1526 5.96
15 2 50.00 11 9.09 315 2.54 328 3.05
All GCS scores 2093 58.67 1401 38.26 12,406 16.29 15,900 23.81
Values are from pooled data.
TABLE 3. Patients with a TBI stratified by GCS score and number of reactive pupils, and the percentage of these patients with unfavorable 
outcomes 6 months after injury
GCS Score
No. of Reactive Pupils
Total No. of Patients0 1 2
No. of 
Patients
% Unfav Outcome 
at 6 Mos
No. of 
Patients
% Unfav Outcome 
at 6 Mos
No. of 
Patients
% Unfav Outcome 
at 6 Mos
No. of 
Patients
% Unfav Outcome 
at 6 Mos
3 634 89.59 178 69.66 617 50.41 1429 70.19
4 458 91.27 239 82.85 462 66.02 1159 79.47
5 322 81.68 228 72.81 673 58.69 1223 67.38
6 326 70.25 259 64.86 1278 45.38 1863 52.44
7 204 45.59 208 47.12 1792 36.33 2204 38.20
8 64 60.94 111 47.75 1004 32.37 1179 35.37
9 27 51.85 46 52.17 711 29.68 784 31.76
10 23 47.83 29 51.72 788 28.55 840 29.88
11 12 16.67 28 39.29 836 21.53 876 22.03
12 8 25.00 22 31.82 998 19.64 1028 19.94
13 4 25.00 22 27.27 1435 15.47 1461 15.67
14 9 33.33 20 40.00 1497 14.43 1526 14.88
15 2 50.00 11 9.09 315 11.75 328 11.89
All GCS scores 2093 78.55 1401 62.74 12,406 31.07 15,900 40.11
Unfav = unfavorable.
Values are from pooled data.
J Neurosurg April 10, 2018 5
P. M. Brennan et al.
Loss of pupil reactivity was associated with an increase 
in mortality rate from 16.3% when both pupils reacted, to 
38.3% when only 1 reacted, and to 58.7% when neither 
pupil reacted. Figure 2 shows that this was not simply a 
reflection of the association between pupil findings and 
GCS score, and that the overall pattern (of increasing mor-
tality and unfavorable outcome) was observed across the 
range of GCS scores. The pattern was most clear and con-
sistent with lower GCS scores; at higher scores there was 
increased variability, at least in part reflecting the smaller 
numbers of patients under consideration.
Combined GCS-P and Patient Outcome
The relationships between the combined GCS-P and 
the 6-month mortality rate are shown in Table 4 and Fig. 3 
left. The combined score extends the range over which dif-
ferentiation of outcomes is made and increases the highest 
rate of mortality from 51% at the lowest GCS score (score 
3) to 74% at GCS-P 1. The nonmonotonic pattern observed 
with a higher mortality rate for a GCS score of 4 rather 
than 3, when only the GCS score was examined, is no 
longer seen. There is an appearance of “flattening” of the 
mortality rate at GCS scores 7–10, but the pattern across 
the full range is in accord with the smooth relationship.
A similar relationship is seen between the GCS-P and 
the frequency of unfavorable outcome (Table 4 and Fig. 3 
right). The highest rate of unfavorable outcome increases 
from 70% at GCS score 3 to 90% at GCS-P 1. Although 
the observed rate is slightly higher at GCS-P 4 than at 
GCS-P 3, the confidence intervals overlap and the pattern 
across the full range is in accord with a smoothly decreas-
ing relationship.
Performance of Methods of Combining Information About 
GCS Score and Pupil Reactivity
A comparison of the information content provided by 
the different ways of analyzing combinations of GCS and 
pupil findings is shown in Table 5 for the pooled data set. 
The findings in each of the original data sets is available 
in Supplementary Table 2a and b.
Nagelkerke’s R2 is a measure of the proportion of vari-
ability in outcome that is explained by the logistic regres-
sion model. All methods of combination are more infor-
mative in each data set than the yield from either the GCS 
FIG. 1. Variations in the proportions of patients who had pupil abnormalities according to GCS score. NRP = nonreactive pupil(s). 
Figure is available in color online only.
FIG. 2. Mortality (left) and unfavorable outcomes (right) 6 months after head injury according to patient GCS scores at admission. 
Pooled data were used and patient groups are subdivided according to pupil reactivity. Error bars show 95% CIs. Mort = mortality; 
RP = reactive pupil(s); Unfav = unfavorable outcome. Figure is available in color online only.
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score or pupil reactivity alone—the latter being the least 
informative. In contrast, there was very little reduction in 
performance between the most complex model (model a), 
in which both the GCS score and the number of nonre-
acting pupils were treated as separate categorical factors, 
and the simple arithmetic GCS and pupil reactivity score 
(GCS-P) model (model f). Thus, in the pooled data for 
mortality, the R2 for more complex models ranged from 
22.7% to 23.2% and the R2 for the GCS-P ranged from 
21.1% to 22.6%. Likewise, for unfavorable outcome, the 
respective values ranged from 26.6% to 27.6% and from 
25.3% to 26.6%. The pattern was consistent across the two 
original data sets (Supplementary Table 2a and b).
Discussion
GCS score and pupil reaction are the two clinical fea-
tures that provide the most information about prognosis 
for a head-injured patient.4,10,27 Our findings demonstrate 
that combining these features yields more informative 
data than using either alone, and that a simple arithmetical 
score, the GCS-P, performs almost as well as more com-
plex methods of integration.
We used the two largest databases on head-injured pa-
tients, the CRASH and IMPACT, in which information on 
early GCS score, pupil findings, and late patient outcome 
are available for individual patients. The total numbers 
of patients are similar in the two databases, but there are 
variations in their composition. The IMPACT database is 
skewed toward patients with severe head injuries (81%) 
compared with the CRASH database (39%), yet in the 
CRASH database there are few people with GCS score 
15. We used a pooled data set to compensate for these dif-
ferences and to increase the generalizability of our find-
ings.
The increase in mortality and unfavorable outcome ob-
served at a GCS score of 4 compared with a GCS score 
of 3 has been reported in other papers.12,17 The reason for 
this paradoxical finding is unclear. Importantly, though, 
this finding ceased to exist when the GCS score and pupil 
data were combined into GCS-Ps of 1–4. A comparison 
of the effect on patient outcome of the pupil response at 
each level of the GCS indicates that pupil data provide 
additional information at low GCS scores, as would be 
expected, because an abnormal pupil response is more 
common in patients with severe brain injury and a low 
GCS score.
A comparison of the fitted linear logistic relationship 
between patient outcome and GCS-P indicates that a 
GCS-P of 1 or 2 slightly underestimates the likelihood of 
adverse outcome. We considered increasing the weight-
ing attached to the loss of pupil reactivity, by assigning 
a score of -2 when only 1 pupil reacts and a score of -4 
when neither pupil reacts; however, we rejected this in fa-
vor of using the simpler method. We also considered sub-
tracting the PRS only from GCS scores below a specific 
threshold of injury severity, for example at a GCS score 
lower than 8. This too was rejected in favor of simplicity 
and the finding that, although data for higher GCS scores 
were more variable in view of the smaller numbers of pa-
TABLE 4. Relationship of GCS-P to death and unfavorable 
outcome for the pooled data
GCS-P
No. of 
Patients
Death  
(% of patients)
Unfav Outcome  
(% of patients)
1 634 74.45 89.59
2 636 64.62 85.22
3 1178  40.92 65.53
4 1016  39.47 68.90
5 1136  32.57 57.75
6 1550  24.97 46.26
7 1930 19.17 37.20
8 1073 20.04 33.55
9 752 18.75 30.32
10 824 17.35 28.88
11 862 11.60 21.81
12 1029 9.43 19.92
13 1457  7.07 15.85
14 1508 5.64 14.39
15 315 2.54 11.75
All GCS-Ps 15,900 23.81  40.11
FIG. 3. Mortality 6 months after head injury (left) and unfavorable outcomes (right) according to patient GCS-Ps at admission; 
the results were determined using pooled CRASH and IMPACT data. Error bars show 95% CIs. The fitted lines come from logistic 
regression models in which the GCS-P was treated as a continuous variable. Figure is available in color online only.
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tients studied, there was a relationship across the whole 
range.
Using GCS scores to classify injuries as mild (GCS 
scores 13–15), moderate (GCS scores 9–12), or severe 
(GCS scores ≤ 8) is widely used and was applied in our 
pooled data set to 20.8%, 22.2%, and 57.0% of patients, 
respectively.32 After application of the GCS-P, these pro-
portions were altered only slightly to 20.6%, 21.8%, and 
57.6% of patients. The very similar allocation of patients 
to the severe injury category resulted because the finding 
of 1 or 2 nonreacting pupils occurs mainly in patients with 
low GCS scores; there is thus not a big difference between 
a GCS cut-off score of 8 or lower and a GCS-P cut-off 
score of 8 or lower. Using the GCS-P, the existing classifi-
cation therefore remains valid, although the score separa-
tion within the severe injury group is increased from 6 to 
8 categories. Nevertheless, the full clinical picture should 
be taken into account in determining how a patient’s case 
should best be managed.13,24
Other methods of adding information to the Glasgow 
Coma Scale or its components to extend its spectrum have 
been described. One version aimed to expand discrimina-
tion in the large number of patients with mild head inju-
ries by using additional information about memory.16 Most 
other proposals focused on patients with severe brain in-
jury, adding a variety of so-called brainstem features. The 
Glasgow-Liège score includes pupil response, the oculoce-
phalic reflex, and the oculocardiac reflex.3 The Innsbruck 
Coma Scale adds pupil size, pupil response to light, eye-
ball position and movements, and oral automatisms in a 
31-point assessment.2 The FOUR (Full Outline of UnRe-
sponsiveness) score adds pupil, corneal, and cough reflex-
es, myoclonus, and specific breathing patterns.32 Surpris-
ingly, in studies in which predictive performance has been 
compared, the extra prognostic yield above the GCS score 
provided by these additional sources usually has not been 
significant and, with the exception of pupil response, the 
value of their contributions have been questioned.6 Where 
a difference has been observed, it has usually been that the 
lowest points in the composite scores are associated with 
higher rates of mortality than those seen at GCS score 3, 
and our findings in the present study show that is achieved 
using the GCS-P.18
The simple addition of pupil information to the GCS 
score increases the likelihood of mortality in a patient with 
a GCS score of 3 from 51% to 74% and the likelihood of 
unfavorable outcome from 70% to 90% when the GCS-P 
is 1. This suggests that more complex methods of incorpo-
rating an assessment of brainstem function may be unnec-
essary. More prospective studies with other data sets, such 
as CENTER-TBI (Collaborative European NeuroTrauma 
Effectiveness Research in TBI, https://www.center-tbi.eu/) 
and TRACK-TBI (Transforming Research and Clinical 
Knowledge in Traumatic Brain Injury, https://tracktbi.ucsf.
edu/), are desirable to further characterize the GCS-P and 
to compare its performance with more elaborate compos-
ite scores.9
The combined GCS-P is not intended to replace the role 
of separate assessment and reporting of each component 
of the Glasgow Coma Scale and pupil response in the care 
of individual patients. This remains the most informative 
way of determining and sharing a “picture” of the patient’s 
condition and how it may be changing.29 When the vari-
ous components of the Glasgow Coma Scale are combined 
there is some loss of information.21,30 This has been ac-
cepted as a trade-off in the interests of simplicity and the 
utility of the total GCS score as a “shorthand summary.” 
The GCS-P retains this simplicity while expanding infor-
mation about the severity of a patient’s clinical state and 
prognosis. The role of the GCS-P now needs assessment 
and evaluation by the clinical community. We expect that 
this summary score will be especially valuable in cases 
of severe head injury and will prove useful in drawing up 
guidelines and describing findings in groups of patients. 
Neither the GCS-P nor, indeed, any clinical assessment 
tool can determine pathophysiological mechanisms; iden-
tifying these mechanisms requires further investigations. 
However, the GCS-P can provide a guide to performing 
such investigations, to repeating them, and to the success 
of targeted interventions. Prediction of outcome should 
not be used alone in management decisions.
Prognosis, in addition to clinical responsiveness, is in-
TABLE 5. Predictive yield of different models of combining information about the relationships of GCS score, pupil response, and outcome 
with respect to mortality and unfavorable outcome in the pooled data from the IMPACT and CRASH databases
Model
Nagelkerke’s R2 (%) 
Modeling Death
Nagelkerke’s R2 (%)  
Modeling Unfav Outcome
GCS score & pupil reactivity separately as categorical variables (model a) 23.2 27.6
GCS score as linear & pupil reactivity as categorical variables (model b) 22.7 26.7
GCS score as categorical & pupil reactivity as linear variables (model c) 23.2 27.6
GCS score & pupil reactivity as separate linear variables (model d) 22.7 26.6
GCS-P alone as categorical variable (model e) 22.6 26.6
GCS-P alone as linear variable (model f) 21.1 25.3
GCS score alone as categorical variable 19.2 24.4
GCS score alone as linear variable 18.3 22.8
Pupil reactivity alone as categorical variable 15.4 16.1
Pupil reactivity alone as linear variable 15.3 15.9
Nagelkerke’s R2 is a measure of the proportion of variability in outcome that is “explained” by the logistic regression model.
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fluenced by several factors. In addition to the importance 
of the patient’s age, these include findings of imaging and 
other examinations, the presence of extracranial injuries, 
and systemic insults.27 Multivariate models, such as those 
developed using data from the CRASH19 and IMPACT27 
databases, provide the most rigorous approach to collect 
this information to provide an estimate of the probability 
of a patient’s outcome. Nevertheless, such formal models 
cannot be used to predict with certainty the clinical course 
of a head-injured patient; all leave a substantial amount 
of individual variability in outcome unexplained and have 
found, at most, a limited place in clinical practice.8 As a 
consequence, although clinicians identify prognosis as a 
factor in their decision making, the prognosis remains ex-
posed to personal subjective opinions.1,11 By providing a 
simple but informative index, the GCS-P may be useful in 
avoiding biases among clinicians about patient prognosis.
Perel et al. advised that for prognostic models to be 
clinically useful they should be presented in a user-friend-
ly way to be easily applied in the clinical scenario.20 The 
GCS-P already brings together the two most important 
clinical predictive features. How this assessment tool can 
be built upon to add other predictive features in a graphic 
presentation is described in our companion paper.14
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